EMC is not only of major concern to electrical and computer engineers, but to automotive engineers as well. The increasing application of automotive electronic systems to improve fuel economy, reduce exhaust emissions, insure vehicle safety, and provide assistance to the driver has resulted in a growing need to assure compatibility during normal operation.
Electrostatic discharge, another potentially troublesome concern, occurs when a stored electrostatic charge is provided a discharge path to ground. Passengers can be the problem. The occupant's clothes contacting the vehicle's upholstery, atmospheric temperature and humidity, and even the weight of the passenger will affect used todesignate avictimdeviceIkables tratestheconceptualdifferencebetween 1 and 2 present typical causes of both intrasystem and intersystem problems. Both intrasystem and intersystem EM1 generally can be controlled by the system design engineer if she or he just followssomedesign~uidelinesandtttch-conducted and radiated paths.
Setting the ground rules
No single operating agency has jurisdiction over all systems to dictate the action> needed to achieve EMC. 
EM1 control techniques
Traditional design practices typically address EMC when an incompatibility is discovered in a production prototype. Solutions to problems at this stage are often superficial. Quick fixes late in the design cycle become more costly and difficult as the complexity of the electronic system increases.
Experience has shown that efficient design occurs when EMC considerations begin early in the design phase and continue through every stage. This includes component selection, the design of printed circuit boards and interconnections, and the physical packaging and location of the systems. This approach results in EMC being designed into the system, not added on at a later time.
To control or suppress EMI, the three common means employed are grounding, shielding, and filtering. Although each technique has a distinct role in system design, proper grounding may sometimes minimize the need for shielding and filtering. Also, proper shielding may minimize the need for filtering. Therefore, we will discuss the three techniques grounding, shielding, and filtering in that order.
Grounding
Grounding establishes an electrically conductive path between two points. This is done to connect electrical and electronic elements of a system to one another orto some reference point, which may be designated the ground. An ideal ground plane is a zero-potential, zeroimpedance body. It can be used as a ref-
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erence for all signals in associated circuitry, and be the point to which any undesired current can be transferred.
Bonding is the establishment of a low impedance path between two metal surfaces. Grounding is a circuit concept, while bonding denotes the physical implementation of that concept. The purpose of a bond is to make a structure homogeneous withrespect to the flow of electrical currents, thus avoiding the development of potentials between the metallic parts; such potentials may result in EMI. Bonds provide protection from electrical shock, power circuit current return paths, and antenna ground plane connections. They also minimize the potential difference between the devices. Bonds have the ability to carry large fault current.
There are two types of bondingdirect and indirect. The direct bond is a metal-to-metal contact between the connecting elements, while an indirect bond is a contact via conductive jumpers.
The dc resistance Rdc of a bond is often used as an indication of bond quality. It is given by Rdc =-e ~
OS
( 1) where t i s the length of the bond, o is its conductivity, and S is its cross-sectional area. As frequency increases, the bond resistance increases due to skin effect. Thus, the ac resistance R ac is given as where a is the bond radius and 6 is the skin depth.
The following guidelines are recommended for effective grounding: 1) All grounding must be done via excellent electrical connection between the ground reference and the item to be grounded. Grounding joints of dissimilar materials must be avoided.
2) In multiconductor cables, ground all unused lines at one end.
3) Ground the shell of all connectors in high EM1 areas. 4) If ground potentials exist between distant areas to be interconnected and cannot be removed by use of grounding techniques, consider using a transformer for isolation.
)
Running ground wires in the most direct route with as few bends and loops as possible will minimize self-inductance and improve the ground.
Shielding
The purpose of shielding is to confine radiated energy to a specific region or to prevent radiated energy from entering a specific region. Shields may be in the form of partitions and boxes as well as in the form of cable and connector shields.
Shield types include solid, nonsolid (e.g. screen), and braid, as is used on cables. In all cases, a shield can be characterized by its shielding effectiveness. The shielding effectiveness is defined as the ratio of the field E, transmitted through to the inside to the incident field E;. Expressed as a positive number (in dB), it is given by
A material is an effective shield if its 
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thickness is about an order of magni-1 tude greater than the skin depth.
For example, aluminum has (3 = 3.5 X 10' S/m, E = E~, p = pLo. An aluminum sheet, at 100 MHz, has a SE of 100 dB at a thickness of 0.01 mm. Since an aluminum sheet for a computer cabinet is much thicker than this, an aluminum case is considered a highly effective shield. A cabinet that effectively shields the circuits inside from external fields is also highly effective in preventing radiation from those circuits to the external world. Because of the effective shield, radiated emission from the computer system is caused by openings in the cabinet such as cracks, holes from disc drives and from wires which penetrate the cabinet such as a power cord and cables to external devices.
The following guidelines are recommended for effective cable shielding: 1) When terminating shield cable, always keep the unshielded portion as short as possible (normally less than 25 mm) .
2) Never terminate the shield of a balanced line at both ends. Connect the shield at the load (input) end of the line.
3) Always terminate the insulating (floating) end of a shielded cable with an insulating sleeve that ensures that it cannot become inadvertently grounded.
4) The shield must be completely insulated and not become grounded or short-circuited to another cable shield as ground loops will be created. 5) Avoid or minimize the breaks in shields, such as at junction boxes, and always maintain shield continuity and isolation from ground, through all boxes or multipin connectors.
6) Multiconductor shield twistedpair cable should have individual insulated shield and drain wires for each shield.
i Filtering An electrical filter is a network of lumped or distributed constant resistors, inductors, and capacitors that offers comparatively little opposition to certain frequencies or dc, while blocking the passage of other frequencies. A filter provides the means whereby levels of conducted interference are substantially reduced.
The most significant characteristic of a filter is the insertion loss which is defined as IL = 20 log ," v, v, (4) where V is the output voltage of a signal ~ source dith the filter in the circuit, and V, is the output voltage of the signal source without the use of the filter. Lowpass filters are commonly used in EMC work. The insertion loss for the Lowpass filters is given by IL = 10 log,,,(l+F2) dB, (5) ~ where nJlrC, for capacitive filter, nWR, for inductive filter (6) I F= { and f is the frequency.
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Other techniques
Other useful techniques for minimizing and controlling EM1 include: 1) Twist the signal and return lines together to reduce loop areas and the effects of magnetic coupling. Figure 2 shows a progression of circuit configurations to reduce loop areas and susceptibility to magnetic coupling.
2) Always separate cables carrying different signal levels and types, particularly when they run -for any distance -parallel to each other. Keep the hot and the return wires in ac power cables as close together as possible. This minimizes the radiated fields.
3) Never transmit signals of differing characteristics (level and bandwidth) over the same multiconductor cable if interchannel crosstalk cannot be tolerated.
4) Choice of logic family and system speeds minimizes EM1 generation. CMOS circuits are quieter and have better noise immunity than TTL circuits. Digital circuits should be operated at the lowest practical clock speed. Fast rise times contain high-frequency components more likely to radiate. Simply slowing the rise time of the clock can reduce emissions.
To summarize
Electromagnetic compatibility (EMC) is achieved when a device functions satisfactorily in its electromagnetic environment without introducing intolerable disturbances. Achieving EMC in electronic devices requires deliberate consideration at the earlier stages of the design cycle. Such an approach and control plan permits all avenues to EMC to be evaluated so that effective and economical solutions can be applied.
EMC is a growing field because of the ever increasing density of electronic circuits in modern systems for computation, communication, control and so forth. Basic knowledge of EMC is particularly useful to students interested in microwaves, electronics, or computer engineering. P. Giddings, "An introduction of electromagnetic compatibility (EMC) and electromagnetic interference (EMI) for audio system designers," Journal of Audio Engr. Society, vol. 37, no. 718, 1989, pp. 570-585. H. Rozman, "Electromagnetic compatibility: how to achieve it," Automotive Engr., vol. 93, no. 8, 1985, pp. 32-38. 
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